A preliminary research related to students' difficulties investigated that abstract atomic motion and counting material are the hardest materials to understand by the students. Therefore, to overcome this, a study on multimedia used in material of phase diagram was conducted. The research design was a quasiexperimental method done with pre-test and post-test to collect the data. The results revealed that the use of animation helped students to understand the material and supported them in doing their learning activity well.
Background
Among the students' difficulties in understanding phase diagram material, identifying characteristics of the material is considered one of the problems faced by the students. To master this subject, the students are required to have a specific thinking ability referring to problem solving skill. Problem solving is an ability of giving reasons and reflective thinking [1] . Problem solving is a strategic and active interpretation and evaluation of observation and communication, information and argumentation. This ability is classified into six aspects namely: focus, reason, conclusion, situation, clarity, and review [2] . Therefore, people with problem-solving skill are able to comprehend what they are learning and explain it by using their own words. In addition, problem solving also deals with an ability to explain what is thought, that is learning how to ask, when to ask and what the question is about.
Given the importance of the subjects of Materials Engineering and based on the data showing that students have difficulty in the material phase diagram so that it is necessary to do an effort in improving the learning process. One effort that can be done is using instructional media which is not only in the theoretical level, but it is also practical, economical, accessible (teachable) medium. By doing so, it enables the materials to be learned repeatedly. Animation as the learning media is intended to present learning material more practical, economical, accessible, and teachable, it is done by manipulating theoretical model (picture) into a realistic model in the form of multimedia animation (MMA). This is due to some manipulative features that are able to change theoretical model into a realistic model (animation) which can attract the students' attention to enjoy their learning process and help to understand the materials.
Mastering phase diagram material in engineering subject is commonly considered as a difficult course. In order to make the lecturer easier to teach this subject animation is necessarily implemented although the lecturers need some trainings. By doing so, the teachers will be more familiar with this technology and they understand ways to implement it in learning activity. Therefore, there is no reason for the lecturers not to use e-learning, virtual reality, and interactive multimedia (MMI) in their teaching for their advantages.
So far, studies on the utilization of interactive multimedia (MMI) have proved the advantages of using MMI to improve the quality of learning. For example, Interactive multimedia-based learning has also been implemented and considered as an effective media to the students' achievement particularly problem solving skills of elementary school students [3] . It also improves the ability to read the image projection of vocational school students [4] , and learning achievement of assembly and brake system assembly for vocational school students [5] .
Moreover, multimedia animation in engineering materials has been applied by Callister [6] , although it still limited points of animation such as: 1) the crystal structure in the form of unit cell which does not contain the characteristics of each unit cell determining the mechanical properties of the material; 2) the field and the direction of the crystal which do not yet contain the Phase Diagram determining the ease of the material being formed, or determining the softness and hardness of the material [6] .
Based on the explanation above, this study is generally aimed at creating a learning media particularly to determine the improvement of problem-solving skills in the engineering material subject through implementing multimedia animation (MMA) for the students of mechanical engineering education study program.
Research methods
The method of this research is a quasi-experimental design in the form of Non-equivalent Control Group Design. The underlying reason of choosing this design is due to the process of sample selection which is not random. Besides, this choice is based on some difficulty in obtaining a control group which function as controlling the affects of the experiment [7] . The pattern of design in this study can be seen as follows. Notes: TE1/TK1 = pre-test given to the students X = E-MMA as learning media Y = pictures and hand-out as learning media TE2/TK2 = post-test given to the students Average scores of the two groups are used to see differences of N gain between the experimental and control group. According to Hake [8] , the calculation can be seen as follow:
(1)
In this study, N-gain descriptive analysis is also implemented by using N-gain criteria according to Hake [8] which means that: the improvement in high category, if (N-gain) >0,7; the improvement in middle category if 0,7 ≥ ( ) ≥ 0,3; and the improvement in low category, if ) < 0,3.
Findings and discussions
The findings of preliminary study show that the students who take the engineering material subject have some difficulties in mastering an abstract matter and atomic motion. Therefore, it is necessary to do an effort to improve the process of learning which can ease students to understand the materials. Implementing MMI is one innovative media which is a practical, economical, accessible (teachable) medium enable to understand the learning materials since it can be learned repeatedly. Consequently, this media meets accessible criteria that can be pursued by manipulating theoretical model (picture) into a realistic model. This learning media can be seen in the following figure 1, and figure 2. Multimedia animation phase diagrams are created as representative instructional media to explain the concept of a system clearly which provide the students to get experience in their learning [9] . To collect the data, this study applied pre-test and post-test to either control class or experimental class. The obtained data were used to calculate the N-Gain value to see the improvement of the students' ability. The N-Gain values are presented in Table 2 . The above table 2 demonstrates that students' problem solving ability in phase diagram materials using MMA tend to be improved with an average score of 85.80% indicating it is in high category. Even form the calculation result, it shows higher improvement of problem-solving ability than using pictures as media which increases to an average score of 65.91% or reaches a moderate category.
In addition, MMA also provides advantages to teach science subjects and it helps students understand learning materials more easily [10] . However, educational experts create different educational media with different emphases according to their media type, as well as the principles used for multimedia: multimedia, spatial closeness, temporal proximity, coherence, modality, redundancy, and individual differences [11] .
Regarding special principles that characterize the multimedia animation phase diagram is accessible, and affordable, if the learners provide their reasons appropriately. This strategy is considered as the main emphasis associated with the characteristics of the Engineering Materials course that are characterized by their micron properties, namely: atomic structure, and dynamic, and abstract atomic motions. As a result, a very small and abstract size of micro-structure, requires appropriate media to understand it, and for that MMA is a medium that can meet these needs.
MMA engineering material is intended to create the students' centered media which involve learners in the simulation of thought, so that the learning outcomes increase as a result of students' involvement in the simulation [12] . The basic principles of making MMA produce better learning outcomes and imprints. The Better results also explained that there was a relationship between the media in the form of live images or animation to the learning outcomes [13] . This is even proved that this media is not only increased 10% performance but it is upgraded to 60% with multimedia [14] . The multimedia is a combination between readable text, audible sounds, images and motion or animated views. The students can obtain an in-depth comprehension material since they use their long-term memory (Long-term Memory) as reported by Mayer [10] , and Berk [15] .
Conclusions
Based on the findings and discussions above, it can be concluded that MMA as instructional media can improve the students' problem solving ability in phase diagram materials in a high category. This result is higher than the improvement of problem solving ability through using other instructional media such as image and handout that achieve a middle category. In other words, MMA phase diagram is proved to be an innovative media that can improve the students' problem solving skill into the high level. This is due to the role of the media to ease the students to understand their learning material and it facilitates them in doing their learning activity.
